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Abstract
The Inter Andean Valley is a Pliocene-Quaternary basin filled with volcanic, fluvial
and marine sedimentary deposits. A series of faults sometimes collectively referred
to as the Delores-Guayaquil Mega Shear traverses the length of the Inter Andean
Valley posing a seismic hazard to a number of cities including the capitol, Quito.
Faults in this region are understudied, especially in the subsurface. A site
characterization study to evaluate the effectiveness of using ground penetrating radar
(GPR) and near-surface seismic reflection profiling was conducted in two areas of the
Inter Andean Valley, Saquisili and Nono valley, where geomorphic evidence suggests
active faulting. GPR clearly imaged the subsurface of both the Saquisili and Nono
valley study areas with a depth of penetration of approximately 20m. The GPR
profiles contained evidence of recent faulting, examples of onlap, erosional truncation
and reflector terminations that are consistent with other tectonically active regions.
The quality of the seismic profiles was marginal in the upper 60m along the Saquisili
profile but poor in Nono valley, in part due to high signal attenuation. This case
study shows that a stronger source is needed to utilize reflection seismology to
identifY structures at depth. However GPR was found to be a very valuable tool for
quickly identifYing site locations for more in depth and detailed studies.
Introduction
Tectonically active regions generate structures like anticlines, synclines and
offset beds that can be effectively imaged using the reflection seismology and Oround
Penetrating Radar (OPR) methods. Previous studies show that these techniques
successfully image the subsurface of tectonically active regions in stratigraphic
deposits ranging from clay to gravel to volcanic tuffs and sand (eai et al 1996,
Catchings et al 2002, Demanet 2001, Ferry et al 2004, Shtivelman et al 1998,
Zilberman et al 2002).
OPR reflections indicate boundaries that separate layers with different
electromagnetic properties. Electromagnetic wave propagation is dependent on the
dielectric pennittivity (E), electrical conductivity (cr) and the magnetic permeability
(Il) of the subsurface medium. OPR utilizes frequencies ranging from 50 to upwards
of 2000 MHz yielding vertical resolutions ranging from a few centimeters to tens of
centimeters. Depth of penetration is usually less than 50m and decreases with an
increase in frequency. Layers with high clay content, resulting in a high electrical
conductivity, quickly attenuate the electromagnetic signal, limiting the depth of
penetration. Therefore, the effectiveness of OPR in deposits containing a high
amount of volcanic ash is site specific because volcanic ashes tend to weather into
clay-rich deposits. More infonnation regarding the OPR method can be found in
Neal (2004) and Davis and Annan (1989).
Seismic reflections occur at boundaries with different acoustic impedances,
dependent on seismic velocity and density. The seismic reflection method uses lower
frequencies than OPR. Hz. compared to MHz. This usc of lower frequencies
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translates into a greater depth of penetration ~t the cost of vertical resolution. The
quality of a seismic reflection profile is greatly dependent on site characteristics,
particularly near surface conditions. Near-surface reflection seismology has the
added difficulty of imaging the surficial layer, which is often heterogeneous or
extensively weathered and directly affects the quality of the seismic profile, due to
lateral velocity variations.
Site specific factors cause the effectiveness of GPR and near-surface
reflection seismology to vary greatly from location to location. In this study GPR and
reflection seismology techniques are used in the Inter Andean valley, Ecuador, to
determine their applicability in imaging tectonically active regions with volcanic
stratigraphy. Two areas, figure 1, in the Inter Andean valley were selected due to the
combination of their display of geomorphic features consistent with active faulting in
the area, relative ease of data acquisition and generally representative ofother areas in
the Inter Andean valley.
Geologic Background
The Ecuadorian Andes are subdivided into three main segments: Cordillera
Occidental, the Cordillera Real, with the Inter Andean Valley between them. The
Cordillera Real contains several Paleozoic to Cretaceous metamorphic and volcanic
terrains and the Cordillera Occidental is composed of the volcanic Pallatanga Terrane,
accreted during the upper Cretaceous (Coltorti & OIlier 2000, Litherland et al 1994,
Spikings et aI 2000, Spikings et aI 2001). The Inter Andean valley is a Pliocene-
3

system, sometimes referred to as the Delores-Guayaquil Megashear (Gutscher et al
1999). The Delores-Guayaquil Megashear tracks off the Ecuadorian coast through
Guayaquil, through the Inter Andean valley, past Quito and extending north into
Colombia. The Delores-Guayaquil Megashear is a large right-lateral strike-slip fault
system that is similar in scale and seismicity to the San Andres Fault system in
California (Gutscher et al 1999). Along the Inter Andean valley there are exposures
of thrust, nonnal and strike slip faulting.
Saquisili, Figure 2a, is one such area with suspected thrust faulting and is
located on the west side of central Inter Andean valley. The Saquisili anticline is
suspected to be the result of a deeper thrust fault. Figure 3a shows the overall
morphology of the Saquisili field area, viewed from the crest of the Saquisili
anticline. The Latacunga Fonnation dominates the Saquisili study area. The
Latacunga Fonnation is early Pliocene to early Pleistocene age composed of
unconsolidated fluvial and lacustrine deposits between 50 and 80 m thick overlaying
up to 400 m of lahars, pyroclastic flows and interstatified andesite lavas (Lavenu et al
1992, Lavenu et al 1995).
Nono Valley, Figure 2b, is located 20 km northeast of Quito and is suspected
to be a pull-apart basin, due to its morphology, with a possible association with the
Delores-Guayaquil Megashear. Figure 3b shows the general morphology of the Nono
valley. The ncar-surface is composed of young thinly laminated wind fall volcanic
ash deposits with thicknesses ranging between a few inches up to approximately a
foot, seen in figure 3c. overlaying a crystalline basement. figure 3d. However the
thickness of the ash deposit and. thus the depth to the crystalline bedrock is unknovm.
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western section of the profile while the last half of the two profiles were collected
over a graded dirt road.
The Nono valley seismic profile as well as OPR profiles 194, 183 and 195
cross the inferred location of the basin bounding faults. However a small stream
prevented us from collecting data directly over the inferred portion of the eastern
basin bounding fault in OPR profile 183. OPR profile 183 traversed a grassy field
and there were many small gaps in the first half of the profile due to streams,
irrigation ditches and thick sections of hedges. The first two-thirds of OPR profile
179, was collected over a thick grass field while the remaining third was collected
along a muddy road. The Nono valley seismic profile and OPR profile 194 were
collocated. OPR profile 194 and the Nono valley seismic profile were collected along
a dirt road starting above and ending in the valley floor. OPR profile 194 was
collected along a dirt road along a steep portion of the eastern slope of Nono valley.
The seismic profiles were collected using a 48 channel seismograph to collect
24 fold common-midpoint profiles with 20 ft shot and geophone spacing. After
conducting a walk-away survey (Pullen & Hunter 1990), a near-offset of 120 ft was
detennined to provide the optimum offset to separate primary reflections from
refractions and ground roll. The source was a Betsy Seis-Gun firing a single 12
gauge blank into 1-2 ft deep augered holes. In addition an infield high cut filter of
500 Hz and low cut filter of 32 Hz was applied to reduce the effects of ground roll
and high frequency noise. Figure 4, shows examples of shot gathers from Saquisili
and Nono valley.
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Processing Procedure Parameters Saquisili Parameters Nono valley
Field Geometry
Trace Editing
Spherical Divergence T=V=I;t=v=2 T=V=I;t=v=2
Flat Datum Statics V = 750 mls; Z = 3061 m V = 800 mls; Z = 2618 m
Prestack Prediction length = 16.0 ms; Prediction length = 8.0 ms; inverse
Deconvolution inverse filter length = 300 ms; filter length = 300 ms; linear
linear movout V = 750 mls; movout V = 800 m/s; design
design window length = 1000 ms window length = 1000 ms
CMP Sort
Bandpass Filter 20-120Hz 20 - 100 Hz
Velocity Analysis
Normal Move Out
Dip Move Out First time of interest = I ms First time of interest = 80 ms
Stack
Depth Conversion
Table I
Processing flow with parameters for the Saquisili and Nonno valley seismic
profiles. For spherical divergence T = time multiplier, t = time exponent, V =
velocity multiplier and v = velocity exponent. For the statics correction V = lSI
layer velocity, based on refraction data and Z = elevation of the flat datum. See
appendix for more infonnation about processing procedure and parameter
selection.
Processing Procedure Parameters Saquisili Parameters Nono valley
Distance Normalization
Operator length = 4 ns Operator length = IOns
Deconvolution Prediction Lag = 2 ns Prediction lag, = 3 ns
High pass = 5 MHz; High pass = 5 MHz;
FIR Filter Low pass = 130 MHz Low pass = 120 MHz
1:=6 1:=7
Surface Normalization Elevation = 3061 m Elevation = 2618 m
V = .12247 mlns V = .11339 mlns
Kirchhoff Migration hyperbolic width = 50 scans Hvoerbolic width = 40 scans
Table 2
Processing flow with paran1eters for the Saquisili and Nonno valley GPR profiles.
See text for discussion about distance nommlization and dielectric constant
selection. V = electromagnetic wave velocity calculated using equation 1, for the
given dielectric pennittivity. E. See appendix for more infonnation about other
processing procedures and parameter selection.
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The GPR profiles were collected using a GSSI SIR-2 data accusation system
with a 100 MHz bistatic antenna producing an equivalent of a single trace stack. The
GPR profiles were processed using RADAN, with standard processing procedures,
Table 2. Variable walking speeds were nonnalized by marking every 10 feet in the
field along the profile and digitally nonnalizing the number of scans between each 10
foot mark to 40 scans. Migration was applied to the profiles using a dielectric
pennittivity, E, of7 and a hyperbolic width of 40 scans (~3 m) for Nono valley and an
E of 6 and a hyperbolic width of 50 scans (~ 3.8 m) for Saquisili.
To convert the GPR time sections into depth sections it was assumed that the
medium was a low-loss material allowing the use of the following equation:
(1) C11=_0
.,fi
where Co is the electromagnetic wave velocity in a vacuum and E is the dielectric
pennittivity (Davis & Annan 1989, Neal 2004). The dielectric permittivity of 7. for
the Saquisili profile, was inferred based on the profile containing a mixture of ash,
pumice and unconsolidated dry sand. The E values ranges between 3 and 6 for dry
sand (Daniels 1996, Davis & Annan 1989). E for a pumice sample measured in the
labority ranged from 3.8 to 4.2 and a pumice fall deposit had a bulk E of 18.4 (Russell
& Stasiuk 1997). Russell and Stasiuk (1997) measured a bulk E of 9 for a pyroclastic
flow. In addition. Rust and Russell (2000) modeled a pyroclastic flow with a E
ranging between 4 and 7. The bulk dielectric permittivity range for these areas is
expected to be small. The bulk E for the Saquisili profile was assumed to be 7 and
due to the lack of pumice in the Nona valley profile a bulk E of 6 was used.
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Results
The upper - 60 m of the Saquisili seismic depth profile, Figure 5, imaged the
layered stratigraphy relatively well. The gaps in the upper portions of the profile are
caused by missing shot gathers, resulting in low fold. Shots were missed because of
the difficulty in augering some of the source holes because of the high amount of
cementation. The frequency content of the Saquisili profile ranged between 10 and
140 Hz with the 20-120 Hz window accounting for the majority of the energy. There
was no noticeable difference in the frequency distribution between the western
portion, unconsolidated volcanic clastic sediment, and the eastern end, semi-
consolidated volcanic ash intermixed pumice, of the Saquisili profile. Stacking
velocities ranged between 750 mls and 2000 mls.
The final Nono valley seismic depth profile is seen figure 6. The frequency
content of the Nono Valley profile ranged between 10 and 120 Hz with the 20-100 Hz
window accounting for the majority of the energy. Stacking velocities ranged
between 700 and 2000 mls. Starting in the western portion and progressively
moving toward the eastern end of the profile. the upper 10m. western section. to 35
m. eastern end. did not contain coherent reflections. Below this section of non-
reflectivity. bands of laterally discontinuous reflectivity are observed. In addition the
Nono valley seismic profile. has reflectivity as deep as 150 m. almost twice as deep
as the Saquisili profile. however it is unknO\\ll how well this reflectivity represents
the geologic structure of this area.
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The Saquisili, Figure 7, and the Nono valley, Figure 8, GPR profiles both clearly
image the subsurface layered stratigraphy. The frequency content of the Nono valley
GPR profiles ranged between 5 and 250 MHz while the frequency content for the
Saquisili GPR profile ranged from 5 to 220 MHz. However, the Saquisili profile had
a dominate frequency range between 5 and 130 MHz and Nono valley GPR profile's
dominate frequency ranged between 5 and 120 MHz. Assuming a dielectric
pennittivity of 6 and 7 for the Saquisili and Nono valley GPR profiles, the maximum
depth of penetration for both profiles is approximately 20 m. The vertical resolution,
centered at 100 MHz, for the Saquisili and Nono valley GPR profiles is
approximately 30 em.
Discussion
The upper -60 m of the Saquisili seismic profile is imaged over the entire
length of the profile. Based on the velocities and frequencies of the upper 60 m of
the Saquisili seismic profile, the horizontal resolution, defined by the fresnel zone, for
the upper 60 meters is approximately 14 meters and the vertical resolution, one
quarter of the wavelength, is approximately 1.6 meters. However, examining figure 7
the actual vertical resolution is between 5 and 10 meters.
Deeper in the Saquisili seismic profile, some non-continuous reflections are
observed that continue to follow the topography. No thrust faults were directly
imaged beneath the anticline either because the fault responsible for the anticline is
non-reflective or it is deeper than the depth of penetration. The structure of Saquisili
anticline at depth was not detemlined and the interpretations below the upper -60 m
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are largely speculative because of the low signal to noise ratio content at these depths
greater than 60 m. The seismic sequence stratigraphy of the near-surface reflections,
in the northwestern section that approaches the Saquisili Anticline are thinner than the
seismic sequence stratigraphy in the southeastern end of the Saquisili Anticline. By
comparing the upper 60 m of the of the northwest section and the southeast section of
the Saquisili seismic profile there is a decrease in the signal to noise ratio moving
towards the far southeastern portion. It is unknown whether this decrease in the
signal to noise ratio is due to a decrease in fold or to the presence of a pumice layer in
the near surface. A definite contributor to the lack of resolution at depth along the
entire profile is the high rate of signal attenuation with depth. The use of either a
more powerful explosive source or increase the fold may alleviate this problem.
There are non-continuous bands of reflectivity. OPR profile 194 imaged
layered stratigraphy in the upper -20 m but no individual reflectors traversed the
entire length of the profile. In addition the depth of penetration varied along the
profile. This variability in the upper 20 m, of OPR profile 195, is consistent to the
observation of non-continuous reflections in the Nono valley seismic section. This
variation is further seen in the shot gathers. In figure 4b there are observed
refractions and a reflection but in other shot gathers along the Nono valley seismic
profile there were no identifiable reflections.
The OPR technique exquisitely images the layered stratigraphy of both
Saquisili and Nono valley transects. This is a common result compared to other OPR
surveys in volcanic deposits (Russell & Stasiuk 1997. Rust & Russell 2000. Rust et a1
1999). The Saquisili OPR profile contains several sections displaying offset beds.
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layered stratigraphy, sediment thickening and unconformities. The depth of
penetration was too shallow to directly image the fault responsible for the anticlinal
structure. However, the observed shortening in this profile indicates that the initial
hypothesis that this structure is the result of a fault propagation fold is still possible.
The four cross-sections through the Saquisili GPR profile are representative of
the entire profile. Figure 9a is 120 m cross-section from the western end of the
profile, images the basin includes a sequence of sediment thickening into the basin.
This, sequence of sediment thickening is also observed in the Saquisili seismic
profile.
The resolution and detail is high enough in cross-section A-A', figure 9a, of
the Saquisili GPR profile that different sequence boundaries and a defonnation
history can be deduced. The different sequences are labeled I, II and III with I being
the oldest. The sequence boundaries are indicated by solid thick black lines. Layer I
is deposited on top of preexisting topography with a thickening of basin sediments to
the west indicating tilting. Layer I is subsequently faulted by a small thrust fault.
Layer II is then deposited on top of layer I creating onlap. Incremental thrusting
continues along the small thrust fault that creates a fold through both layers. Then
there is an erosional event creating an unconfonnity with truncation of reflectors in
layer II along with tilting. Layer III is composed of laterally continuous undisturbed
ash fall beds that drapes layer II.
Cross-section B-B' shows an area with a large amount of vertical relief over a short
horizontal distance that is obscurc at thc scalc of figure 7. howcycr as obscrved in
figurc 9b this section and othcrs along thc cntire profile \vith stecp slopes wcre
'")"}







clearly imaged. The layered stratigraphy observed in this GPR cross-section is
similar to what is observed in the Saquisili seismic profile.
Cross-section C-C', figure 9c, is similar to cross-section 8-B' because of its
laterally continuous reflectors, however cross-section C has a few minor features that
differ from cross-section B. Cross-section C is just on the eastern side of the crest of
the Saquisili anticline. There are a few reflection terminations as well as some offset
reflectors. The offset reflectors near the surface of this cross-section are possibly
caused by a small slump. The pattern of offset reflectors abruptly ends a few meters
below the surface, implying that the mechanism that created this feature is not
associated with a deeper structure. In addition, the reflectors in the upper few meters
do not perfectly overlay the deeper reflectors like in figure 9b.
Cross-section 0-0', figure 9d, is at the eastern base of the Saquisili anticline
at the end of the Saquisili GPR profile. The features observed in this section are
consistent with an area of recent and ongoing uplift coupled with sediment fill. There
is a small thrust fault on the western portion of cross-section 0 and a couple
occurrences of onlap. The observed small scale thrust faulting is consistent with the
overall shortening of the area and the observed sections of onlap and subsequent
sediment thickness increase are interpreted to have been formed from the erosion of
the Saquisili anticline, located to the west.
Nono valley GPR profile 194. figure 8a. starts on the western edge of the
basin and descends into the valley below. There arc several non-continuous reflectors
that are consistent ,\'ith the observation of the non-continuous bands of reflectivity in
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the Nono valley seismic profile, figure 6. Compared to the other GPR profiles in
Nono valley there appears to be more radar noise present.
Cross-section E-E', figure ge, shows a detailed section of GPR profile 194
that descends into Nono valley. There is a general thickening of sediments toward
the basin and incidences of onlap. In addition to the eastern end of the cross-section
there are two normal faults, whose offset increases with depth. This implies that there
was continual faulting during sediment deposition.
Even though GPR profile 194 crosses the inferred location of the eastern basin
bounding fault the actual location of the fault along this profile is unknown. The
section of GPR profile 194 that crosses the inferred projection of the eastern basin
bounding fault has no offset beds below ground surface deeper than approximately 7
m. The reflectors in the upper 2.5 m have strong amplitudes but the 4 m sequence of
reflectors beneath the surface has very low amplitudes and sequence of reflectors that
start at 6.5 m below the surface are perfectly layered with a high amplitude. The
sequence that starts at 6.5 m below the surface could be antenna noise. Therefore, the
loss of amplitude and signal penetration below the upper 2.5 meters could be the
caused by a fault or some other unknown geological or man made feature. Another
possible location of the eastern basin bounding fault could be approximately 50
meters to the cast where the reflectors appear to be very segmented and non-
continuous but, no distinguishable fault is observed.
GPR profile profiles 179. figure 8b. and 183. figure 8c traversed the basin
floor of Nono valley. There were continuous layered reflections observed in the
grassy fields of GPR profiles 179 and 183 and disturbed stratigraphy was imaged
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over the muddy road in OPR profile 179, illustrating that OPR in this area can
effectively image areas that are both undisturbed as well as areas that have been
disturbed by people in the Inter Andean valley.
The small antiform in the valley floor was imaged well, as observed in the
second half of OPR profile 183. At 277 m from the start of the profile there is a small
break in the file due to a small fence, which is responsible for the dramatic vertical
transition between 276 m and 278 m. Cross-section F-F', figure 9f, has many
examples of erosional truncation, onlap and faulting. It appears that fault B in this
cross-section transfers its offset to fault A at approximately 8.5 m below the surface
with strong indication that it is still active. Reflector I truncates the lower reflectors
implying that there is some time between the growth of this antiform and the last
depositional event.
GPR profile 195, figure 8d, has a large vertical relief change. Reflectors in
both the beginning and the end of this profile are generally continuously layered.
However, at the intersection between cross-section G-G', figure 9g, and the proposed
location of the eastern basin bounding fault the reflectors are very discontinuous, no
distinct fault is observed. It is possible that this could be an image over a shear zone
that is related to the basin bounding fault. If this is indeed a shear zone it would
correlate well with the disturbed section just east of the intersection of GPR profile
194 and the projected location of the eastern basin bounding fault.
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Conclusions
A site characterization study usmg GPR and near-surface reflection
seismology techniques was conducted in two locations, Saquisili and Nono valley, in
the Inter Andean valley, Ecuador. The seismic reflection method in the near surface
of Saquisili and Nono valley profile was marginally effective. The low signal to
noise ratio could be improved with larger sources, but even with a larger source near
surface velocity variations and attenuation due to volcaniclastic sediment could
remain a problem.
The GPR technique was very effective at imaging the near surface in these
two areas of the Inter Andean valley. The GPR profiles provided clear images of the
subsurface at both the Saquisili and Nono valley locations up to a depth of 20 meters.
Interpretation of the GPR profiles suggests that there is active thrust faulting and
overall shortening in Saquisili, which is consistent Vvith the over all anticlinal
structure. There was evidence of overall extension followed by shortening in the
Nono valley consistent with a strike-slip pull apart basin. The young layered volcanic
sediments coupled with the relative ease of GPR data collection provide a great
environment for detecting evidence for active tectonics and for quickly finding areas
suitable for more detailed geophysical surveying.
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Processing Flow
Field Geometry
Trace Editing
Gain Recovery
(Spherical Divergence)
Statics
(Flat Datum)
Prestack Deconvolution
CMP Sort
Bandpass Filter
Velocity Analysis
Normal Moveout
Mute
Dip Moveout
Stack
Repeat With
Better Values
Time to depth
Conversion
Saquisili
A2,A3
A6,A7
AIO
AI2, AI3
AI6
A18,
Figure 4
Figure
Nono Valley
A4,A5
A8,A9
All
AI4, A15
AI7
AI9,
Figure 5
Figure Al
Seismic data processing flow chart. Each step with important parameter selection
requirements has appendix figures that illustrate the parameter selection process. Table
I summarizes the selected parameters for the Saquisili and Nono valley seismic profiles.
Spherical Divergence was applied to correct amplitude loss due to wave
propagation mechanics. Statics are applied to the seismic data to remove the effect of
topography. Deconvoluiton compresses the wavelet into a spike and removes multiples
or reverberations. Filters are applied to remove unwanted high and low frequencies to
create a clearer image. Velocity analysis is a very important step that uses reflections
identified in Common Midpoint (CMP) gathers to perform Normal Moveout (NMO)
and stack the data. NMO is applied to correct for the arrival time difference due to the
source-receiver distance, assuming horizontal layering. Mute removes the refracted
arrivals from the seismic data, so the reflected energy is not overpowered. Dip Moveout
(DMO) is used to remove residuals from the application ofNMO in areas with
significant structure, where the there are large residuals from the NMO application.
Stacking uses seismic velocities obtained from the velocity analysis to sum the CMP
gathers to produce one trace per CMP, which reduces noise. The resulting seismic
profile is a distance vs two way travel time (TWTI. Seismic data processing is an
iterative process that progressively moves tow1U"d a clearer seismic profile. After
several iterations the stacked seismic section is converted into a depth section using a
velocity model. See Yilmaz (2001) and Sheriff and Gcldart (1995) for more information
about processing seismic reflection data.
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Figure A2
First arrivals for the Saquisili seismic profile. Direct arrival velocity is used in the static correction.
The X axis shows the distance from the first Q:eoohone and the Y axis is two wav travel time in ms.
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A) Plot of the velocities of the first layer obtained from the first arrivals from Figure A2. The velocity
of the dashed line is the velocity chosen as the static correction velocity, 750 mls. B) Plot showing the
Field File Number (FFN) locations used to determine the static correction velocity for the Saquisili
seismic profile.
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Figure A4
First arrivals for the Nono valley seismic profile. Direct arrival velocity is used in the static correction.
The X axis shows the distance from the first l!eonhone and the Y axis is two wav travel time in ms.
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A) Plot of the velocities of the first layer obtained from the first arrivals from Figure A4. The velocity of the
dashed line is the velocity chosen as the static correction velocity, 750 m/s. B) Plot showing the Field File
Number (FFN) locations used to determine the static correction velocity for the Nono valley seismic profile.
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Figure Al8
Velocity model (A) used to perform the time to depth conversion for the Saquisili seismic profile.
Velocities and times were derived from the stacking velocities (Figure A13) and it is closely related
to the topography (B). Layer one is assumed to have a TWT thickness of 420 ms (-160 m), layer
two is assumed to have a TWT thickness of200 ms (~130m) and layer three is a half space.
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Figure A19
Velocity model (A) used to perform the time to depth conversion for the Nono
Valley seismic profile. Velocities and times were derived from the stacking
velocities (Figure A 15) and it is closely related to the topography (B). Layer one is
assumed to have a TWT thickness of 400 ms (-160 m), layer two is assumed to have
a TWT thickness of400 ms (-280 m) and layer three is a half space.
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Processing Flow figure
Saquisili Nono ValleyDistance Normalization
Deconvolution
~ FIR Filter (bandpass)
Migration
Surface Normalization
~
Repeat With
Better Values
A21, A22
A25
A27
Figure 6
A23,A24
A26
A28
Figure 7
Figure A20
OPR data processing flow chart. Each step with important parameter
selection requirements has appendix figures that illustrate the
para..:ncter selection process. Table 2 summarizes the selected
parameters.
Distance normalization corrects the horizontal distance of the
profile so that every interval in the profile is equal in length. During
distance normalization factors like long pauses are deleted from the
record and variable walking speeds are corrected. Deconvolution in
OPR processing is very similar compared with a prestack seismic
deconvolution except that the signal is so mathematically near a spike
that deconvolution only is necessary to remove reverberations (Neal
2004). Filters are applied to remove unwanted high and low
frequencies to create a clearer image. Migration attempts to move
diffractions back to their point of origin. Surface Normalization
corrects for topography, assuming a dielectric constant. OPR data
processing, like seismic data processing, is an iterative process that
progressively moves toward the production of a finished section.
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